A glycoprotein (gp-Fy) of 337 amino acids, which is present in the membrane of erythrocytes of Duffypositive individuals, carries the antigenicity of the Duffy blood group system (Marsh 1975; Tang et al. 1988) . Two codominant alleles (FY*A and FY*B) at the 1q22 → q23 chromosomal locus encode the Fy a /Fy b alloantigens (Donahue et al. 1968; Collins et al. 1992; Mathew et al. 1994) . A single G → A nucleotide substitution at position 306 of FY produces a glycine → aspartic acid substitution at residue 43 of gp-Fy and determines the immunogenic difference between gp-Fy a and gp-Fy b (Chaudhuri et al. 1995; Mallinson et al. 1995; Tournamille et al. 1995b; Iwamoto et al. 1996) .
The significance of the Duffy system stems from its role as the receptor for the human malarial parasite Plasmodium vivax and simian malarial parasite Plasmodium knowlesi (Miller et al. 1975 (Miller et al. , 1976 and as a new class of chemokine receptor for several proinflammatory cytokines (Darbonne et al. 1991; Hadley et al. 1991 Hadley et al. , 1994 Chaudhuri et al. 1994; Horuk 1994; Horuk et al. 1994; Neote et al. 1994) . Binding studies of chemokines to human erythroleukemia K562 and human embryonic kidney 293 cell lines, transfected with cDNA encoding for the cloned gpFy, have shown that gp-Fy and the human erythrocyte chemokine receptor are the same protein Neote et al. 1994) . Most African and American blacks have red cells that lack Fy a and Fy b alloantigens. This class of erythrocytes resists invasion by P. vivax and P. knowlesi parasites (Miller et al. 1975 (Miller et al. , 1976 . These individuals carry a FY*B allele that is bone marrow silent but active in nonerythroid tissues (Chaudhuri et al. 1995; Peiper et al. 1995) . In the promoter region of this FY*B allele there is a T → C substitution that disrupts a binding site for GATA I erythroid transcription factor (Tournamille et al. 1995a ). However, the mutation does not affect the expression of the Duffy gene in other cell types (Chaudhuri et al. 1995 (Chaudhuri et al. , 1997 Peiper et al. 1995) .
Serological studies in nonhuman primates have uncovered significant information about antigenic and genetic relationships of Duffy proteins (McGinnis and Miller 1977; Palatnik and Rowe 1984) . Moreover, the study of FY structure in nonhuman primates yielded information about the homology and ancestry of Duffy sequences. For example, Duffy gene structure in chimpanzee (Pan troglodytes), rhesus monkey (Macaca mulatta), squirrel monkey (Saimiri sciureus), and aotus monkey (Aotus trivirgatus) provides evidence that the first human Duffy allele was probably FY*B and a point mutation at nucleotide 306 produced FY*A (Chaudhuri et al. 1995) . Thus, FY*A has not been found in nonhuman primates, and it may not exist. Although horse and sheep erythrocytes do not react with any human Duffy antisera (Palatnik and Rowe 1984) , it is conceivable that they express a Duffy-like gp-Fy that is serologically Duffy-negative. Concurrently, a homologous FY, producing a Duffy-like gp-Fy that does not react with any human Duffy antisera should exist in mouse. Here, we report the identification and characterization of an orthologous mouse Dfy, which produces a protein that has 60% homology to the human equivalent but does not react with any human Duffy antisera, including rabbit polyclonal antibodies to denatured human gpFy. The discovery of this gene in mouse provides a tool to gain further insights into the role of the human Duffy gene FY.
RESULTS AND DISCUSSION

Sequence Analysis of Dfy and Bone Marrow cDNA
Nucleotide analysis of Dfy and bone marrow cDNA indicated that the structure of Dfy consists of two exons and a single intron (Fig. 1A) . Exon 1, of 55 nucleotides, encoded seven amino acid residues that were initiated with a methionine. The initiation codon of exon 1 was embedded within a sequence context most frequently associated with mammalian translation initiation (Kozak 1989 ). This short exon was connected at nucleotide 518 (in-frame) with the long exon 2 that contained 1038 nucleotides, encoding 327 residues. The single intron of 462 nucleotides contained the conserved boundary sequences (gt-ag) of the splice site (Fig.  1A) .
Primer extension with 5Ј-end-labeled oligonucleotides, complementary to the 5Ј-end coding sequences of the bone marrow mRNA was used to define the 5Ј end of the mRNA. Although several distinct bands were observed, the one located at nucleotide position 34, upstream from the initiation codon, was the most prominent (not shown). The same major start site was shown for the spliced form of human mRNA (Iwamoto et al. 1996) . The significance of minor transcription initiation sites generated by alternative promoters remains to be clarified (Kopito et al. 1987; Iwamoto et al. 1996) .
Upstream sequence analysis of the major transcription initiation site revealed a TATA box at position ‫69מ‬ bp (Fig. 1B) . Its location suggests that it may be a nonfunctional promoter, and by this criterion Dfy is a TATA-less gene like FY (Saito and Stark 1986; Tournamille et al. 1995a; Zhuchenko et al. 1996) . The mouse Dfy also lacks a CAAT motif and unlike most eukaryotic genes, including the human FY gene, which lack TATA or CAAT sequences, does not have pyrimidine-rich or (G + C)-rich sequences upstream from the transcription initiation site (Kopito et al. 1987; Tournamille et al. 1995a; Zhuchenko et al. 1996) .
Further sequence analysis of the 5Ј-end promoter region has revealed potential binding sites of factors for globin transcription. There is a GATA motif at position ‫33מ‬ followed by two upstream CACCC motifs; one at position ‫38מ‬ and the other at position ‫241מ‬ (Fig. 1B) . These widely studied cisacting sites are implicated in the coordinate regulation of ␣-and ␤-globin production (Ren et al. 1996) . Another potential cis-acting element in this promoter region is the AP-2 motif at position ‫.54מ‬ A second, but distant AP-2 motif, at position ‫,913מ‬ is also present. This motif is a potential binding site for AP-2 factor, which is a regulator during vertebrate development (Mitchell et al. 1991) .
Additional sequence motifs possibly involved in the expression of transcription of Dfy are the overlapping sequences of PEA-3/ETS at position ‫191מ‬ and upstream, the cAMP response element (CRE) at position ‫393מ‬ (Faisst and Meyer 1992; Zhuchenko et al. 1996) . It has been shown that cAMP response element-binding (CREB) protein is expressed and activated by phosphorylation in human heart (Muller et al. 1995) , whereas polyomavirus enhancer activator 3 (PEA-3) is a member of the ETS oncogene family that is differentially expressed in mouse embryonic cells (Macleod et al. 1992; Xin et al. 1992) . It is interesting that the 5Ј-end promoter region of Dfy has revealed several potential binding sites for transcription factors associated with vertebrate morphogenesis. Finally, at the 3Ј-end flanking sequence, the consensus poly(A) addition signal AATTAAA was identified (Fig. 1A) .
The size of human and mouse spliced mRNAs are the same (Iwamoto et al. 1996; A. Chaudhuri, F. Fang, V. Zbrzezna, and A.O. Pogo, unpubl.) . Exon 1 and exon 2 in both mRNAs contain the same number of nucleotides, 55 and 1038, respectively. However, the intron in mouse contains 462 bp and in human, 479 bp (Iwamoto et al. 1996; A. Chaudhuri, F. Fang, V. Zbrzezna, and A.O. Pogo, unpubl.) (Fig.  1A) . Although human and mouse exon 1 codified for the same number of residues, only the first five residues were identical (Fig. 2) . The comparison of both exons' open reading frames (ORFs) in human and mouse spliced mRNA showed 60% homology (Fig. 2) . The predicted mouse Duffy-like protein was a slightly basic protein of isolelectric point 7.37, having a molecular mass slightly higher (M r 36,692) than the human gp-Fy (M r 35,733). The presence of two trypsin cleavage sites at the amino terminus is another feature that differentiated the mouse from the human protein.
Mouse Duffy-like protein carries three potential canonical sequences at the amino terminus for Nglycosylation to asparagine residues (Marshall 1972) (Fig. 1A) . The first asparagine is located at the same distance from the amino terminus, position 16, in both proteins. The second asparagine is located at position 26 in mice and 27 in humans, and the third asparagine is located at position 32 in mice and 33 in humans (Fig. 1A) . The presence of aspartic acid, however, restricts the glycosylation of the third asparagine in humans (Marshall 1972) . Although Duffy-like protein in mice may contain more carbohydrates than humans, the similarity in the number and topology of the glycosylation sites may imply a conserved function.
Predictions of transmembrane helices from sequence data by use of the hydropathy map of Engelman et al. (1986) and a scanning window of 20 residues show seven well-defined transmembrane ␣-helices, a hydrophilic domain of 57 residues at the amino terminus, and a hydrophilic domain of 29 residues at the carboxyl terminus (not shown). Mouse Duffy-like protein exhibits better defined transmembrane domains than human protein (Chaudhuri et al. 1993) . The same hydrophobicity scale in human Duffy protein predicted nine ␣-helices. Thus, the fourth and sixth transmembrane domains in humans have too many hydrophobic residues to accommodate a single pass to the membrane width (Chaudhuri et al. 1993) . Nevertheless, considering that Duffy protein is the human erythrocyte chemokine receptor and that all chemokine receptors have seven transmembrane spanning regions, seven ␣-helices may be the real transmembrane structure of this protein (Neote et al. 1993 (Neote et al. , 1994 . In comparison to the chemokine receptors, the loops of the mouse protein, like the human gpFy, are very short, and the DRYLAIVHA motif at the end of the third transmembrane domain is absent (Fig. 2) . This motif is unique to all members of the chemokine receptor family (Murphy 1994) . The structural features that the mouse Duffy-like protein shares with all chemokine receptors are (1) five prolines in the transmembrane domains 2, 4, 5, 6, and 7; (2) a cysteine at position 49 in the aminoterminal domain; and (3) cysteines at positions 127, 193, and 274 in the three exocellular loops (Fig. 2) . These residues are preserved in the corresponding positions of all the leukocytes and viral chemokine receptors (Murphy 1994) . At the amino-terminal domain the cysteine at position 49 can establish a disulfide bond with the cysteine at position 274 in the third exocellular loop, and in the first exocellular loop the cysteine at position 127 can establish a disulfide bond with the cysteine at position 190 in the second exocellular loop (Fig. 2) .
The charge-difference rule proposed by Hartman et al. (1989) , predicting that the amino terminus is on the exocellular side of the membrane, is validated by the finding of three potential Nglycosylation sites on this domain. The topological predictions of helices, hydrophilic connecting segments, and location of the carboxy-terminal fragments should be substantiated by direct biochemical and immunochemical analysis.
Mouse erythrocytes were not agglutinated by human Duffy antisera (not shown). Furthermore, rabbit polyclonal antibodies that are Duffy-specific, and react with either the carbohydrate moiety or the protein moiety of denatured human Duffy protein do not react with mouse ghost proteins (not shown). Consequently, the mouse erythrocytes carry a Duffy-like protein that has 60% amino acid sequence homology with gp-Fy and its membrane topology is similar to gp-Fy, but they are serologically Duffy-negative.
RNA Blot Analysis
On RNA blot analysis, the exon 2 probe detected a major ∼1.4-kb and a minor ∼1.8-kb mRNA in bone marrow and spleen. In brain, the probe detected a major 8.5-kb and two minor mRNAs of 10.2 and ∼3.0 kb (Fig. 3) . Also, the same probe hybridized with a 1.4-kb mRNA in adult liver but failed to hybridize with Duffy-like mRNA in kidney and lung (Fig. 3). [In lung, a faint band of 1.4-kb mRNA was observed after overexposure and a small amount of mRNA was detected by RT-PCR (not shown).] In heart and skeletal muscles, a small quantity of a 8.5-and a 1.4-kb mRNA was observed (Fig. 3) .
The pattern of tissue expression of Dfy in mice is different from that of the orthologous gene in humans. Unlike humans, mouse Dfy is active in adult liver, which is not an erythropoietic organ, and is inactive in kidney. The most striking difference is in brain, which is the major producer of mRNAs related to Duffy (Fig. 3) . In mice, the relative abundance of the 8.5-kb mRNA is five times greater in brain than the 1.4-kb mRNA in bone marrow (Fig.  3) . It seems that protein encoded by the 8.5-kb mRNA is a significant component of mouse brain.
Southern Blot Analysis and Chromosomal Mapping
On Southern blot analysis, the exon 2 probe detected a single band of 7.0 kb in BamHI and EcoRI, a single band of 8.5 kb in XbaI, a single band of 1.8 kb in PstI, and two bands of 2.0 and 0.09-kb in HindIIIdigested mouse genomic DNA (not shown). (Two bands in the HindIII-digested genomic DNA are attributable to the presence of a HindIII restriction site in exon 2.) As in humans, there is a single copy of Duffy-like gene in mice (Chaudhuri et al. 1993) .
A single band was also observed with TaqIdigested mouse genomic DNA (not shown). The size of TaqI-hybridizing DNA fragments differed between the parental inbred mouse strains, C57BL/6J (2.4 kb) and SPRET/Ei (4.8 kb), used to produce the MMR-BSS interspecific backcross. Backcross progeny genotypes for Dfy were assigned according to the absence or presence of the diagnostic C57BL/6J-derived 2.4-kb fragment inherited from the F 1 hybrid parent of the backcross. Segregation of Dfy among the backcross progenies was then compared with the segregation of previously typed and mapped marker loci distributed throughout the genome. Genetic linkage was detected with markers on mouse Chromosome (Chr) 1. Haplotype analysis, minimizing multiple crossover events, gave the gene order shown in Figure 4 , with Dfy positioned between Xmv41 and Cr2. The Mouse Genome Database (MGD 1966) has assigned Xmv41 to position 93 and Cr2 to position 107 on the composite map of mouse Chr 1. Thus, according to our mapping results, Dfy is located ∼94 cM distal to the centromere of the composite map of mouse Chr 1, which places it in a region of conserved synteny with Chr 1q21-1q23 (MGD 1996) , consistent with the location for the human FY (Donahue et al. 1968; Mathew et al. 1994 ).
Expression of Mouse Duffy-like Protein in K562 Cells
We and others have shown that gp-Fy and the human erythrocyte chemokine receptor are the same protein Neote et al. 1994) . Recently, it has been shown that mouse erythrocytes bind human and murine chemokines (Szabo et al. 1995) . As with the human erythrocytes, C-C and C-X-C chemokines appear to compete for binding to a single site on the surface of the mouse red cells (Szabo et al. 1995) . This indicates that mouse erythrocytes also have a promiscuous chemokine receptor. It is important to determine whether the cloned mouse Duffy-like protein possesses the same binding characteristics as the mouse erythrocyte chemokine receptor.
A full-length mouse bone marrow mRNA coding for the Duffy-like protein was amplified by RT-PCR. The amplified cDNA was inserted into the pREP4 expression vector and transfected into K562 cells (see Methods). Stable K562-transfected cells expressing the mouse protein and mock-transfected cells were used for receptor binding studies with 125 I-labeled melanoma growth-stimulation activity (MGSA). Transfected K562 cells with the recombinant Duffy-like protein and mouse erythrocytes bound radiolabeled MGSA (Fig. 5) . This binding was specific because the addition of 250 nM of unlabeled MGSA significantly reduced the binding to K562 cells and erythrocytes (Fig. 5) . In contrast, mocktransfected K562 cells did not show any specific 125 Ilabeled MGSA binding. Furthermore, 125 I-labeled MGSA binding to mouse erythrocytes and transfected K562 cells was displaced by the addition of several human, murine, and rat chemokines, including monocyte chemoattractant protein 1 (MCP-1), interleukin-8 (IL-8), RANTES (regulated upon activation, normal T expressed and secreted), Eotaxin, GRO␣, and GRO␤. The addition of unlabeled MGSA to mock-transfected K562 cells caused a slight increase in the amount of unspecific binding of radiolabeled MGSA (Fig. 5) . This is most likely caused by chemokine aggregation at high ligand concentration (Graham et al. 1994) . Like the human erythrocyte, chemokine receptor macrophage inflammatory protein 1 ␣ (MIP-1␣) partially displaced the binding of 125 I-labeled MGSA and MIP-1␤ slightly inhibited the binding of 125 I-labeled MGSA .
To compare the binding affinity of The relative affinities of erythrocytes and K562 cells for the ligands were strikingly similar. The average protein densities for mouse erythrocytes were 22,000 (9,000-45,000) sites per cell and 286,000 (125,000-547,000) sites per cell for K562 cells. These values are similar to those obtained for the human erythrocytes and transfected K562 cells with Duffy antigen cDNA (Neote et al. 1993; Chaudhuri et al. 1994) .
Based on these data, the mouse erythrocyte Duffy-like protein can bind chemokines equivalent to those that the human Duffy antigen binds, indicating that both proteins have similar chemokinebinding characteristics. Moreover, the same class of chemokines competes for MGSA in mouse erythrocytes and in transfected K562 cells. The data strongly suggest that the cloned mouse Duffy-like protein and the mouse erythrocyte chemokine receptor is the same molecule.
Conclusion
In the present study, a mouse gene orthologous to the human FY has been identified, and the DNA, cDNA, and amino acid sequence structures have been resolved. The mouse equivalent protein is encoded by a spliced mRNA that consists of a small and a large exon and is very similar to the human spliced mRNA. At this time, a nonspliced mouse Dfy mRNA has not been found. Dfy maps in a region of conserved synteny with human FY. The pattern of Dfy transcription in nonerythroid tissues, however, is different from the orthologous human FY. Dfy mRNA is primarily produced in bone marrow, brain, liver, and spleen and, unlike humans, is not found in kidney. Moreover, there is little Dfy mRNA in the heart, lung, and skeletal muscles of mice. A remarkable feature in mice is the abundance of brain mRNA. As in human brain, mouse brain produces essentially high molecular weight mRNA, which supports the idea that the Duffy gene is a portion of a larger gene. Now the challenge is to identify the product of this larger gene in brain.
The topological structure, transmembrane ␣-helices, and amino-and carboxy-terminal domains of mouse protein are the same as human gp-Fy and chemokine receptors. Sequencing of Dfy DNA revealed the genomic organization including the intron/exon boundary and the 5Ј-flanking promoter region. This region is rich in potential transcription factor binding sites, including AP-2, which has a role in transcription regulation during morphogenetic processes. We have presented evidence that the cloned Duffy-like protein is the same molecule as the mouse erythrocyte chemokine receptor because it has the same binding characteristics as the human erythrocyte chemokine receptor. Both proteins bind radiolabeled MGSA, and this binding is displaced by the same spectrum of unlabeled chemokines.
This study provides the necessary information to mutate the Duffy gene and gain insight into the function of the Duffy antigen. Thus, the data presented here give the foundation for a functional assessment of this peculiar chemokine receptor including its roles in erythrocytes, endothelial cells, epithelial cells, and brain cells.
METHODS Animals
The B6CBA/F1 strain of mouse was used for the cloning of Dfy and the C57BL/6J and SPRET/Ei strains were used for chromosomal mapping. All animals were obtained from The Jackson Laboratory (Bar Harbor, ME).
Cell Culture
The human erythroleukemia K562 cells were obtained from the American Type Culture Collection and were maintained in RPMI 1640 medium containing 10% fetal calf serum. Transfected K562 cells were maintained in the same medium containing 200 µg/ml of hygromycin (Boehringer Mannheim, Indianapolis, IN) . For binding assays, the cells were collected, washed three times with RPMI 1640, and suspended in binding buffer (RPMI 1640 containing 15% bovine serum albumin, 20 mM HEPES at pH 7.4). Cell viability was assessed by trypan blue exclusion and the cell number was determined in a cell hemacytometer.
Serological Determinations
Mouse erythrocyte hemagglutination tests were performed with human Duffy antisera according to standard procedures to determine Duffy antigenic domains in human erythrocytes. (Neote et al. 1993; Chaudhuri et al. 1994) . The data are expressed as cpm of 125 I-labeled MGSA bound (per 10 6 cells) for K562 cells and (per 10 7 cells) for mouse erythrocytes. Abbreviations for human and murine chemokines are hu and mu, respectively.
RNA (Northern) and DNA (Southern) Blot Analysis
Total RNA was isolated from bone marrow cells and tissues with the TRIzol reagent (Life Technologies, Grand Island, NY). Poly(A) + RNAs were purified with the MessageMaker mRNA isolation system (Life Technologies) following the manufacturer's instructions. Poly(A) + RNAs were run in a formaldehyde/agarose gel and transferred onto a Hybond-N+ nylon membrane (Amersham Life Science, Arlington Heights, IL) and hybridized as explained (Chaudhuri et al. 1993) .
DNA was extracted from kidneys as explained (Frederick et al. 1994) . All restriction enzyme digestions were performed according to the supplier's instructions (New England Biolabs, Beverly, MA). The digested DNA was size-fractionated on 0.8% agarose gel, blotted, and hybridized as explained (Chaudhuri et al. 1993 ).
Primer Design, Cloning, and Sequencing Dfy
The cassette ligation-mediated PCR method was used for identifying and sequencing Dfy (Isegawa et al. 1992) . Two contiguous antisense primers were designed. P1 (5 Ј-CACCAGGAAATCCAGTCCTAGAAC-3Ј) and P2 (5Ј-C A C C C C A T G A G G C C A C C A G A A A A T -3Ј ) w e r e f r o m nucleotide 956-979 and nucleotide 932-955 of human FY, respectively (Chaudhuri et al. 1993) (Fig. 1A) . The primers were designed from a region of the human FY, which has maximal homology with the nonhuman primate Duffy gene (Chaudhuri et al. 1995) . Of the two primers constructed, only P2 showed the highest homology (Fig. 1A) .
Mouse genomic DNA was digested to completion with PstI and ligated with PstI cassettes (TaKaRa Biomedicals, Pan Vera Corp., Madison, WI). Two sequential PCR amplifications were performed: one using P1 primer and cassette primer C1 and the other using P2 primer and cassette primer C2. The amplified products were hybridized at moderated stringency with the human Duffy cDNA probe (Chaudhuri et al. 1993) . A 1.2-kb fragment was identified in the amplification reaction carried out with P2 primer. The 1.2-kb fragment was inserted into the pCR II vector (TA cloning kit, Invitrogen, San Diego, CA), and three clones were selected by use of the human Duffy cDNA probe and sequenced. Sequences of these identical clones were used to design primers for the amplification of Dfy.
Cloning and Sequencing Bone Marrow Dfy cDNA
Mouse bone marrow mRNA and the Marathon RACE (Clontech, Palo Alto, CA) kit were used for first-and second-strand cDNA synthesis. Gene-specific primers were designed by use of the sequences of exon 2 of the mouse Dfy. Extaq (TaKaRa Biomedicals, Pan Vera Corp.) DNA polymerase was used in the 5Ј and 3Ј rapid amplification of cDNA ends (RACE) reactions. The 5Ј and 3Ј RACE fragments were inserted into pCR II vector, cloned, and sequenced. The full-length coding sequences of mouse Dfy cDNA were obtained with two primers designed from the sequences at the very ends of the 5Ј and 3Ј RACE fragments. The Pfu (Stratagene, La Jolla, CA) DNA polymerase was used in these reactions. The amplified cDNA product was subcloned with the pCR-Script SK(+) plasmid (Stratagene) and sequenced. The DNASIS sequence analysis system (Hitachi Software Engineering America, San Bruno, CA) was used for computer analysis of DNA and protein alignments.
Primer Extension
The primer extension was performed as explained (Chaudhuri et al. 1993 ).
Construction of Expression Vector and Transfection
The mouse bone marrow mRNA was amplified by RT-PCR, by use of 5Ј-end and 3Ј-end specific primers, containing KpnI and BamHI restriction sites, respectively. The amplified products were digested with KpnI and BamHI enzymes and ligated to pREP4 expression vector (Invitrogen). The cells were suspended in a phosphate-buffered saline solution containing 20 mM HEPES (pH 7.4) and 40 µg of plasmid cDNA. Transfection was performed with the Gene Pulser electroporation system (Bio-Rad Laboratories, Hercules CA). Stable transfected cells were selected by adding 200 µg/ml of hygromycin to the medium. Mock-transfected K562 cells were transfected with the same plasmid lacking the cDNA for the mouse Duffy-like protein.
Chemokine Binding Analyses
125
I-Labeled MGSA (sp. act. 2200 Ci/mmole) was obtained from DuPont NEN (Boston, MA). Murine and rat RANTES were gifts from J. Boyd (Pfizer), murine MCP-1 and human and murine MIP-1␣ and MIP-1␤ were obtained from R&D Systems (Minneapolis, MN). Rat GRO␣ and GRO␤ and murine Eotaxin were obtained from Peprotech (Rocky Hill, NJ).
The chemokine-binding assays in mouse erythrocytes and K562 cells stably expressing mouse Duffy-like protein were performed as explained elsewhere (Neote et al. 1993; Chaudhuri et al. 1994) . All reactions were performed in duplicate and the binding assays were repeated twice. The binding data and the dissociation constant (K D ) were determined as described (Neote et al. 1993 (Neote et al. , 1994 Chaudhuri et al. 1994) .
Linkage Analyses
Exon 2 of Dfy was used as a probe in Southern blot hybridizations performed as described (Johnson et al. 1992) . The genetic map of Dfy was determined by segregation analysis of a mouse interspecific backcross DNA panel derived from mating (C57BI/6J ‫ן‬ SPRET/Ei) F 1 hybrid females with SPRET/Ei males and designed MMR-BSS. The MMR-BSS panel consists of 144 animals that have been typed for >300 different polymorphic loci (Johnson et al. 1994) . The computer program Map Manager was used for linkage and haplotype analysis (Manly 1993 The publication costs of this article were defrayed in part by payment of page charges. This article must therefore be hereby marked ''advertisement'' in accordance with 18 USC section 1734 solely to indicate this fact.
